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Effects of mesenchymal stem cells treated with BMP-2 and VEGF on

regeneration of large bone defects
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This study evaluated the possibility of clinical appli-
cation using matrigel-based bioceramic/polymer scaf-
folds treated with bone morphogenetic protein, angio-
genic factor, and mesenchymal stem cells (M SCs) for
new bone formation. In the in vitro study, bone mor-
phogenetic protein (BMP-2) and vascular endothelial
growth factor (VEGF) containing matrigel, which is
a basement membrane gd, was injected into HA/PCL
scaffolds to estimate the release rates of growth fac-
tors. In thein vivo study, BMP-2, VEGF, and MSCs
with matrigel-based scaffolds were implanted into rat
femoral segmental defects, and new bone formation
was evaluated at 4 and 8 weeks. In theresults, there-
lease rates of BMP-2 and VEGF explosively increased
by day 5. For the in vivo study results, radiological
evaluation revealed that the matrigel-based HA/PCL
scaffolds with BMP-2 and VEGF grafted (M+B+V)
and matrigel-based HA/PCL scaffolds with BM P-
2, VEGF, and M SC grafted (M SC) groups showed
increased bone volume and bone mineral density.
Moreover, in the histological evaluation, large new
bone formation was observed in the M+B+V group,
and high cellularity in the scaffold was observed in
the M SC group. In conclusion, grafted matrigel-based
HA/PCL scaffolds with BM P-2, angiogenic factor, and
M SCs increased new bone formation, and in clinical
cases, it may be effective and useful to enhance healing
of delayed fractures.

Key words: bone formation, matrigel, growth factor,
mesenchymal stem cell, rat
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Materials and Methods

HA/PCL XIXIHl 2 matrigel2] XIZ

Poly (e-carprolactone) (PCL; ME 65,000; Sigma-Al-
drich, St. Louis, USA)< 40°Cel A chloroformel] &3} A]
71 - working PCL &91& F#nlski ek 71 % HA/PCL &3
pasteE wHE=7] 914 hydroxyapatite (HA; 53 pum; Sigma-
Aldrich, St. Louis, USA)E PCL & 9(HA:PCL, 3:2, w/iw
o] &3} vl &)ol &3l Pastes FAH7]l ¥ a1 robotic
layer manufacturing 71 A1 & A-&3te] S350] AolFo] &
o] 5 mm, 27 4 mmgl 3xk 9] AAAE wEAL) oY
gk A A A= ol whEol 203 A & PBSellA] 203 =43¢
= S 39 wEEGa, Holdle &l E ks AlASH
7] 93ke] 724175 ¢F 5 A A %8tk Matrigel> EHS
%k 2] unfractionated high-salt/urea extract=5-g] <=H|a}o]
—20°Coll A3t a1, AHE % 4°Coll Al 521 3 B33l

BMP-2Qt VEGFE &St matrigel 718t HA/PCL XIXIMIC] & &
oI =AY

HA/PCL A1 A A1d 25 L] matrigels #u] g 9 matri-
gelwt 333k o+, matrigelel BMP-2 (recombinant human
bone morphogenetic protein, Genoss, Korea) 1.5 png
< ¥93 o, BMP-2 1.5 pg¥ VEGF (recombinant rat

VEGF165, Peprotech, USA) 5 pgs £33k 7+ 0. = 1}40]
A zte] WEA S A AIE th HAIPCLA A Aol 2h2}
o] A AE E3Hek matrigel 25 pLE A8k 37°C9
ovenol| A 3AIZF &t A SAIT F 4°Coll A 1 vk 2 7HA]
Btk 10 mLe] PBSE ¥-& F 37°CollM A&HH o=
asigion, 2 9 124174 1, 2, 3, 4,5,6, 7, 8,9, 10, 11,
12, 15, 18, 21, 24, 27 2 30 Aol 1 mLe] 458 %
aho] A A7kx) —20°Cell 1339 ar, falcon tubee] PBS
= wFskeich

Z+7+e] matrigel 719 HA/PCL A A Aol BMP-2¢}
VEGF <%+ Quantikine rhBMP-2, VEGF ELISA Kit
(R&D Systems, Minneapolis, USA)S A}-&3}o] #2438}
Qo AL A x5 AL Tho] =]l ule} 2 A s}3l T

A% 250~280 go] 7173t 105:% 4% Sprague-Dawley
21 = (Samtaco, Osan, Korea) 367t2] & 2% 23 £ 2°C, %
52 60 £ 10%= f=|akar 124]17k] @ et5717F A &
= Aol Atk AFE AFfRo] FHTH ARSI
Aol oA ' ontE A Wrlon, A=ef tiEEel b
mme] SAEF G4 F opi Ak o] 4dhA] ¢ i« (Con-
trol), 4AAE 94 &2 matrigel 70 pLE o] A g
(Matrigel), HA/PCL A=Al BMP-2 (recombinant hu-
man bone morphogenetic protein, Genoss, Korea) 1.5 pg
< 233 70 ulo] matrigel s 7 o] 4 & ++(M + B), HA/
PCL A #[Ael BMP-2 1.5 ug# 5 pgel VEGF (recom-
binant rat VEGF s, Peprotech, USA)E 2 3gtg 70 uL<]
matrigel- 7 o123 ++(M + B + V), HA/PCL #] A A<
BMP-2 1.5 ug 2 5 uge] VEGFH 1 x 10571 ¢] = F5=
o T2 E71AE 10 pL=s £33 70 uL 2] matrigel =t
A o] 43 H(MSC) L2 it
HEES 2R 8 X 2014
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Fig. 1. Cumulative percent of BMP-2 for 30 days from
matrigel-based HA/PCL scaffolds with different growth
factors. Scaffolds were prepared as matrigel-based HA/PCL
scaffods (e, n=4), matrigel-based HA/PCL scaffolds with 1.5
pg of BMP-2 (m, n=4), and matrigel-based HA/PCL scaffolds
with 1.5 pg of BMP-2 and 5 ug of VEGF (A, n=4).

Table 1. Effect of matrigel-based HA/PCL scaffold with osteo-
genic, angiogenic factors and mesenchymal stem cell on bone vol-
ume and bone mineral density in a rat segmental defect model at 4
weeks after surgery

Group Bone(;//oo)lume Bone rr(lér/l&r;la)density
Control 12.646 £ 2.629 0.070 £ 0.020
Matrigel 21.159 + 3.154" 0.100 £ 0.032
M+B 24.383 + 4.630" 0.136 £ 0.038
M+B+V 35.201 + 3.021™= 0.231 +0.030™
MSC 27.262 + 3.479™ 0.171 £ 0.045"

“P<0.05 as compared with the Control group.

"P<0.01 as compared with the Control group.

4P<0.05 as compared with the M + B group.

Values are expressed in mean + S.D. (n=6).

Control=no graft with 5 mm femoral segmental defect;
Matrigel=grafting of matrigel based HA/PCL scaffold; M + B=
grafting of matrigel based HA/PCL scaffold with BMP-2; M +
B + V=grafting of matrigel based HA/PCL scaffold with BMP-
2 and VEGF, MSC=grafting of matrigel based HA/PCL scaf-
fold with BMP-2, VEGF and mesenchymal stem cell.

Results
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Fig. 2. Cumulative percent of VEGF for 30 days from matrigel-
based HA/PCL scaffolds with different growth factors.
Scaffolds were prepared as matrigel-based HA/PCL scaffods
(e, n=4), matrigel-based HA/PCL scaffolds with 1.5 pg of
BMP-2 (m, n=4), and matrigel-based HA/PCL scaffolds with
1.5 ng of BMP-2 and 5 pug of VEGF (A, n=4).

Table 2. Effect of matrigel-based HA/PCL scaffold with osteo-
genic, angiogenic factors and mesenchymal stem cell on bone vol-
ume and bone mineral density in a rat segmental defect model at 8
weeks after surgery

Group Bone Volume Bone mineralsdensity
(%) (9/mm?)
Control 14918 £2.710 0.201 £ 0.115
Matrigel 26.760 = 1.493 0.264 +0.023
M+B 26.529 + 2.255 0.196 £ 0.013
M+B+V 28.800 * 6.436" 0.260 £ 0.043
MSC 30.790 £ 5.954" 0.235 £ 0.058

“P<0.05 as compared with the Control group.

Values are expressed in mean + S.D. (n=6).

Control=no graft with 5 mm femoral segmental defect;
Matrigel=grafting of matrigel based HA/PCL scaffold; M +
B=grafting of matrigel based HA/PCL scaffold with BMP-2;
M + B + V=grafting of matrigel based HA/PCL scaffold with
BMP-2 and VEGF, MSC=grafting of matrigel based HA/PCL
scaffold with BMP-2, VEGF and mesenchymal stem cell.
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Fig. 3. Histological sections taken from the scaffolds of rat
femoral segmental defect at 4 weeks. (A) Control group, (B)
Matrigel group, (C) M + B group, (D) M + B + V group, (E)
MSC group. CT=connective tissue; V=vessel, BM=bone-
like materials, Arrow=osteoblastic rimming (Specimens were
stained with hematoxylin and eosin, original magnification
x100).



28 Jae Kyong Kim et al.

Discussion 24T E S A3 Bod =0E A A 7L
T UAN A AN WL 2 AEA Ay T AT A WARE FHea sAs AR @
Be ] 9 sl2o] 84 o] Bheket 7} 2o] §AE 3 np| ko g4 o 7 A A| ] 1 %% YA sl A7} Fo3bete] 714 s
2 FA el Qoo ATH[16]. e AaH e @ VU] WARE FUY F e maTe A e
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B B3 ALResl 2 A9 o] 754 o] AA ]*‘ A E, A 27 3t JhgitaEl 2 el oS %
T ZA A ZA 29U st H o g Fuy B ouhal ) W Aol ofsf Fald = e ol o] ] uRAF
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Sao] AY[AT]. oA S A Azl A2y 25 UCHISL webA ol @ wHe Fuety] 918 HAsL @7
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T8 AA BHFAH K A= G4 F o] AFo] A5 A= A1# 2] mineral phasesﬂr frAbakel SRAlET} &
I AsE AFo] thA] & A v = S AXIT17]. o A& SN =T wobs 4= Qo w7t el 2] 7] Al A
93k del o) g E oS mEA 2ohFT] s AR =2 E R BAEE TN 7 A o] lvH19].
Z-sH(bone tissue engineering)e] &= wok7F F-2h= a1 9l F A 2R R E FHERA AAZ) M S st
w, o] ¢} FEE B A5 7F AP AL T LopE A Ee] Aot ol 2 g }\éxc}?_].x]"é“\:‘ = AR

Fig. 4. Histological sections taken from the scaffolds the scaffold
of rat femoral segmental defect at 8 weeks. (A) Control group,
(B) Matrigel group, (C) M + B group, (D) M + B + V group,
(E) MSC group. CT=connective tissue; V=vessel, BM=bone-
like materials, Arrow=osteoblastic rimming (Specimens were
stained with hematoxylin and eosin, original magnification
x100).
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